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The criticisrr: of Germn specialists on the tenth Paris 
Aero Salon is, in p-enerai: "Nothing; new in airplanes to be seen." 
For rea.sons easily understood, the French would hardl'/ exhibit 
their most -modern military airpla.nes. The French commerciaol 
airplanes shown in the salon are already •^''••ell known in air traf- 
fic. Since the German com;;: ercial airpla.nes have been far better 
developed, due to greater technical requirements, the judgment 
of the professional world "Nothine new" is even here thoroughly 
justified. 

Although the other na.tions (English, Dutch, Italian, and 
Czechs) offer nothing s^oecial, it rmy nevertheless be of inter- 
est to discuss a few structural details, in order to learn the 
tendencies of foreign airplane construction. 

Very m.any French loursuit and comca.t airplanes are high-wing 

monoplanes. This is due to the good visibility of this type. 

Since it is very difficult to -orotect the wings of hieh-wing 

m.onoplanes ap;ainst distortion, somie French constructors employ 

a method of wing trussing which is disliked in G-erm.any, in order 

to amieliorate this disadvantage. The landing Q^ear is included 

in this wing- trussing, so that the landing-gear axle or its fair- 

* "Konstruct ive^Sinzelheiten aus dem. Pariser Aero-Salon." From 
"Zeitschrift fur Flugt echnik und Motorluf tschif fahrt , " February 
14, 1927, rjT). 53-57/ 
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incT ^ecoiTies a part of the sup-oortin,^ structure. The enclea,vor 
to place the lower rember of the win;!' trussing as low as x)ossi- 
ble is noted both in the high-wing 'mono'olanes and in the braced 
or senicantilever biT)lanes. ?ig- 1 shov/s eip:ht different air- 
T^lancs vjith this hind of wing trussing. The u-oper and lower -mem- 
bers of the truss "re drawn heavier for the say.e of clearness. 

This cell structure is accompanied, ho^-rever, by a c-reat 
con-olica tion of the landing q-ear, so that it is doubtful as to 
whether it is a.dva,nta ^^eous for all airolanes. It is very well 
suited to sraall airplanes, such as the Kieu-oort-Delac:e "Jockey," 
'^.ince the susr^ension strut is here Quite steep nnc can be car- 
ried -oest the ^-^heels to the .junction ooints of the landing gear. 
The lov;er member is also suited to large high-wing sear^lanes, 
like the "Benson," rince it affords a convenient sur)r)ort for the 
lateral floats, which it is otherwise difficult to obtain in 
this tyt)e of seapla-ne. 

Bechereau and De :lureaux use a n^omber of struts with very 
expensive junctions and shock absorbers, in order to carry the 
trussing ^ast the wheels through the landing gear. Bregiiet has 
develo-ned a good pprin^^.^ Hieel for the same puroose, so that ho 
can join the trussing directly to the rigid axle. Levasseur 
dispenses -ith the axle and wheel springs and likewise joins 
his bracing, which masses through the lower ^-dng, to the rigid 
axle. This has the disadvantage, ho^"^ever, that all the starting 
and landing shocks are transmitted undamped to the wincT cell. 
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^"^.^hich may cause unavoidable injuries. 

Endeavors are every^vhere "bein- r-iade to improve the landing- 
Q:ear shock a'osorbers. The old type of rab'oer shock absorbers 
is now but little used- The present endeavor is to distribute 
the landin.T shock uniformly between separate rubber strands, 
which are fastened independently oi one another, so as to fur- 
nish sufficient shock absorption, even when one strand is rup- 
tured. Bechereau locates the shock absorber in a very broa.d 
strut (Fig. 2). The strut carries five yokes, to each of which 
two strands are atta.ched both before and behind. The ends of 
these twenty strands are bound about -oins, which are attached 
to the strut by suitable fittings. The -^hole mechanism is "oro- 
tected by sheet iron. The princi-ole is good, but the construc- 
tion difficult, since forty attachments must be made for each 
•^^heel. Moreover, the se-oarate strands are bound for about 3/3 
of their length, so that only the rem.aining free third of the 
strand can stretch properly or else the strands stretch inside 

the whipping, in which case they soon become loose. Fokker, in 

a 

his F VII^ has adopted/^simiilar device (Fig. o) , but he uses 
closed loibber rings, thus doing away with the bound loops. This 
device is extremely simrole, m.aking it seem strange that Bechereau 
did not use these rings, which, having origina.ted in England, are 
now also bein^- made by a French firm_. These rings, like the ca- * 
bles, consist of many small rubber cords and are spun in this 
f orm. 
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Morar. e-Saulnier, like Bechereau, places the shock absorb- 
ers in the x^rotected struts, but the two telescope tubes each 
ha.ve ore broad yoke to v;hich the above-described rubber rings 
are attached before and behind. 

I wii.l briefly describe tY-io types of inetal floats. The 
outer form of the Breq;"aet meta.l float is very similar to the 
^^merican Glenn Martin float: half-round on top, with a somewhat 
keel- shaped bottom:. Behind the step, the bottom slopes upward 
too fast to'mrd the rear. The half-round sha^e has, for sea- 
•olanes of 200C kg (4-400 lb.) and upv/ard, the advantage, as com- 
"oa red -^ith rectangular floa^ts, of not having an unnecessarily 
large capacity with a high step. The inner structure of the 
Brevet float has, like its American mttern, a central girder, 
which utilizes the whole height of the float and thus affords 
.crreat longitudinal stability. The bottdmi has internal and the 
top has external longitudina.l stiffening miembers. The two 
strips between these stiffening mem.bers on the top, on the right 
and left of the central girder, are bolted to the adjacent 
strips and not riveted to the tra.nsverse fram.es. Thus the float 
is accessible throughout its whole length, ^^hich is very impor- 
tant for its production and upkeep. 

The single float, exhibited at the stand of the Avimeta Com- 
pany, is made of "alferium" and has about the sam.e shape of the 
bottom as the Brcguct float, but its cross section is trapezoidal 
and narrower on top. The transverse frames are therefore of 
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some-hat simpler structure than the half-round ones. The float 
has more r-anholes v'hich, together v;ith its large size, render 
it very accessible. It, -ras very nea.tly finished. 

Fohker exhioits a well-developed all-steel tail s>id on his 
CV. The rubber shock-absorb in .q- cables lie in the direction of 
the slcid and are attached to e3'-elets in the fuselage in such a 
'Aray as to be easily exciianged. The shid is steerable and can be 
turned about its lon~itudinal axis by means of a lever and ca- 
ble. At its lower end it carries an exchangeable shoe. A lit- 
tle above the latter there is attached a very simple and practi- 
cal emercrencv brahc, consisting: of a claw ^.'^hich can be released 
by the vilot by -neans of a cable (Fig. 4). It is beine used on 
Dutch military airr^lanes- 

In contradistinction to the complex structure of the Fo^ker 
skid, Ficr. 5 sho^/s the primitive Potez skid. On the under side 
of the fuselage there are two b earing-like brackets for receiv- 
ing the cross rod about -rhich the rubber cable is xvound. The 
rod is fastened to the brackets by bolts. In order to avoid the 
tying of knots in the shock-absorbing oortion of the rubber ca- 
ble, the latter is attached to the pivot of the tail skid. 

Fig. S shows 8 Fokker-Jupiter device for the installing of 
a radial engine. It is made entirely of "'welded steel tubes. 
Nine bracket-like r>ieces of sheet metal are ^velded to a steel- 
tub irne rinse and receive the main engine-fastening bolts. This 
ring is braced against the four fuselage junction ^ooints by mean?: 
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of six tubes ^^hich are ^-.^elded to the ring at three points. The 
ric;idity is further increased by cross struts- The fork-like 
connections consist of r)ieccs of thick sheet steel welded to 
the outside of the tubes. The ^'^elded joint of the cross pieces 
is strengthened by Tveldinp on a star-shaped .piece of sheet 
steel. The whole asseinbly has a very simple and rigid ax)pear- 
ance and, due to its open structure, affords easy access to the 
rr.a.'gnetos, carburetors and oil purnps. 

Fig. 7 shows a. Fotez- Ju-oit er engine suoport of sheet dural- 
umin. It is of vexy sirnnle construction and a^Tords satisfac- 
tory rigidity ^-^-ith relatively few rivets. The frastum of a cone 
is formed out of 3-4 mm (0.12-C.16 in.) sheet duralum.in, which 
carries, on the inner side of its small erd, a riveted flange 
on ^<iich are m.ounted the nine brackets for receiving the engine 
bolts. The base of the cone runs out into four arms, to vrhich 
are riveted the pieces which seirje for the fuselage attachments- 
The four arms are strengthened by double angle strips riveted 
to the outside. The rigidit3>^ of the arms is further increased 
by bending their sides so as to form, right angles at the tips. 

The en^'ine cowling is fastened chiefly by hinge strips, 
which run the whole length of the cowling. The hinge strips 
are joined by running: steel wires through them. This method was 
em.ployed by Fokker two years a.go, but was subsequently abandoned, 
due to the excessive weiprht, since he had used brass hinges. 
The engine cowling exhibited had Imrd-alum.inumi hinges, which 



K.A.C.A. Technical Ilen-^or^ndurn I'o. 405 7 

Fere not so ^.ea-^^y. 

To fasten the cov-^ling, Fohker now usee 8in:"^le lugs ahout 
20 cm (7.87 in.; a.part. At corres-^oonclin;:: intervals the aorlino: 
has holes reinforced cy hollov; copper iivo-".s. The corrli-n^. is 
secured cy strong: pins stuch throuq-h the lup^s. This r^ethod is 
very si-nple and sure, hut, on account of the orojectinc lugs, 
does not -^jresent so ele^rnt an appearance as the hin^pces. 

The Breg^jet n':ethod o:^ f as -.enin.;;;: the cowling differs from 
the ordina.r3^ method. The cofI Lne consists of strips of very 
thin sheet dural joined to::eth3r ty inside crimping. The sec- 
tions ma.de from these metal strips have a m.ore or less recta.nOT.- 
lar shape and are s^irrounded by a flanged metal frame • Strong 
metal segments with inwardly cent flanges are riveted to the 
four corners of ea^ch section- If four such sections come to- 
r^ether they form a ring, which, with its flanged edcre. is held 
in a. cuo-shaoed socket attCoChed to the framxeworK of the fuse- 
lao^e. The flanged ed;:ss of the segments are nresred into the 
socket by a rasher and nut. Fig. 6 shows such a fastening with 
half of the cowling rcm.cved in order to give a ccuter view of 
the socket. The segments ma^y also conrist of l/'" or l/Z- cir- 
cles according to where they are used. T:--3 m.ethod is -rood, but 
expensive and suitable only for m.ass production. 

The Fiat single-seater has an extremely v:ell-shaped en'^dne 
cowling behind the frontal radiator, the cowling being so clore 
to the cylin.dcr blocks that the air from the radiator can es- 
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cape CBsily. The accessibility to the soark -olugs is p:ood, 
since they project through correspond-ingl^?- larr^e openings in the 
cowling and can he exchanged ^'^rithout removing the latter. 

For the fuselage frame^^'ork, the so-called "^-^ood and ^are" 
t^'pe of construction is iriuch used in France. In Farrnan's com- 
i^ercial airplanes there are several remarkable examples of this 
tyT3e of construction. Bra.ce -Ad res run across the door o-oenings 
for cpbin Pnd b8.ge:age room and, in using the doors, must first 
be rem.oved by ^n ea.sily or)erated device. This m.ethod is em- 
ployed even on the most recent one-engine commiercial airpla^ne 
"Jabiru," in which the cabin walls curve outmrd. In order to 
save room, the uniholstered seats are crowded into the curved 
side ^'^a.lls, so that the wire intersections in the cabin oass 
through the upholstery of the inner arms of the chairs. In or- 
der to im/jrove the appearance, the wires are v.^ound with olush. 
The whole stracture ^cives the imn»ression that the necessary/ 
wire bra.cing was first thought of after the cabin equipment vras 
finished and that the chairs then liad to be perforated in order 
to "oass the wires through them. It can hardly be imagined that 
a German constructor v^^ould -^^enture anything of the sort. 

The fusela:2:e of the Nieuriort-Cela^e oursuit single-seater 
is covered with 'olyi'^rood and linen, which gives .s:ood lines and a 
sm.ooth surface. The accessibility for installing and repairing 
is, ho^-ever, very voox* 

Bre^met, De I'urea.ux, and S-E-CH. exhibit light-meta.l struc- 
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tures. The jiinctions of a Bre.^Tiet iuselrr:e consist of stamped 
light-rne-tcl flr^ng:e asse:^olies. The :"^ields are cracec '"^ith steel 
T^'.^ires. The iunctions -^ake a '^ery ^^^ood impression but are ex- 
ceedinp:ly exoensive for trail-- seal 3 production. The opinion 
is often ex-pressed tha.t 5re?:^uet^s airplanes are desif^Tied esoeci- 
ally for rass ^reduction. This apn>lics only to his factory 
equiprrent. Tith cr^od equipment and r;ass production, even the 
most complex -oarts can 'ce chea-oly made. 

The S.E.CM. uses princi-oally dural tuhincr for the fuselaQ;e 
fra-^ev^ork and has developed clam.p-shc.T)ed pressed pieces for the 
junctions. The production is ^.^ery expensive, since a di::'ferent 
stam:pin?: m:achine must he made for every junction with a differ- 
ent ang'^le. There can hardly he any question of m:asG production 
for the giant a.irplane exhibited. We question whether a. simpler 
type of junction ^.^ould not serve equally well. In a.ny ca.:-e, the 
work at the drawing board and in the ^^^orkshop excites admiration. 

In contrast with this, the fuselage of De Mureajjix is very 
poor- This fusela.^re is likewise made of dural tubing (Fig. 9) 
and the junctions consist of shcet-m.etal striios, Vnich are at- 
tached to the irselaT-e birders bv merns of very small scre'rs and 
interoosed filling oieces. For ^-reater safety, they are also 
fastened to?;:ether by several long rivets. The ends of the diag- 
onal bracing tubes of the fuselage ^Talls a.re square and are at- 
tached to the junction strips by tubular rivets, the number of 
rivets beins: in no proper prooortion to the cross sections of 
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the dici::^onal struts. The crude workmanship indicrtes little ex- 
perience. 

The Fiat fuselage has a steel- tuoing frame-^ork consisting 
of four lon^iierons connected by zigzag diagonal struts- The junc- 
tions are not ^^-elded, hut hard-soldered with sleeves • Over this 
steel- tub in.e: framework there is laid e very neat la tt ice- work of 
licrht -^netal (Fir^;. lO). This consists of vertical rih-1 ike -:aem- 
oors and horizontal -•^ernhers which are corru,p:ated to increase 
their ripridity. The -^^ertical :r:embers are attached to the longer- 
ons by •■^e(?.ns of s-^all brackets which are soldered to the steel 
longerons and riveted to the vertical strios. This lattice- 
•^'-ork is covered -.ath doped linen. 

Fiat and Besson exhibit a wing str^acture- This is all- 
r.etal, the spars being of steel a.nd the ribs of duralunin. Fig. 
11 shows a junction of a Fi^it soar a7id rib. The smr consists 
of two U-shaped stri-os ^"ith their flanges riveted together. 
This produces a favorable thickening of the material at the top 
and bottom -^lere the stresses are greeitest. The ^-^cbs have tri- 
angular ooenin^rs ^.-hose edges are bent inward thus forming rigid 
diagonal bra.ces. The ribs are braced rcirders with top and bot- 
tom ••lenbers of square dural tubing, the different nembers being 
joined by -"^.eans of riveted dural junction -olates- Evircntly a 
good riveting machine ^:a.s used, as the work is very neat. The 
ribs are secured to the s-cars by saddle-shaped junction olates 
^-ath tubular rivets. The ribs are also strengthened by steel 
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brace -vires. For this purpose, all t'ne rib fla.n.Qces pre drilled 
at the same -ooint and a steel T^ire is oassed thxroug-h all tlie 
holes. Small disks arc soldered to the -ires on each side of 
the flange, so as to prevent ?ny lateral yielding. The \^^hole 
structure impresses one as having been carefully thought out. 

Besson exhibits an all-wood structure in his large boat 
seaiolane. The ^-^^inp: spars have the form of box girders with ply- 
^'^ood ^'^ebs. They are very no.rrow ?.nd high. The ribs consist of 
fla.n:?es and dia.cronal bra.ces. The flanrrcs themselves have a U- 
shamed cross section and consist of tv/o ivood strips and a many- 
holed ^'^eb. The flanges and diagonals are joined by means of 
■oly'^'ood junction Dieces- On every rib there are very many 
q-lued joints, which should be avoided on a seaplane. The sa.mie 
structural mxethod is also em.ployed in the tail, which is espe- 
cially ex'oosed to contact with water. 

De I'Aireaux exhibits an esTDCcially interesting ouralum.in 
spar (rig. 13). The webs of this spar are ma.de of thin sheet 
dural with top and bottom edges bent outward at right angles. 
The webs re joined together by many smiall bolts and distance 
tubes. The flanges of this spar are reinforced tov.-ard the m.id- 
dle, corres"oonding to the greater stresses, in a very pra.ctica.l 
'^ray. The top of the flange, at its outer end, consists of a U- 
section, ^-hich, as shown in Fig. 13, is inserted between the 
webs^ to -'-hich it is joined at short interva.ls by small bolts 
^''^ith distance tubes. To-^ard the middle, the outer edges of 
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U-sections are po ^^ide tliat a flange strip can 'oe riveted to 
them, a second flange strip being added to tae rr.ost stressed 
oortion. In order to -orcvent any loc-l bendinr of the ed^res of 
these flange strips, the first strip is crimped aminst the ^^^eb- 
This firiii pIso exhibits a dural rib, the flanges --^nd diagonals 
consisting of small U-sections. A-t the junctions, one U-section 
is inserted in the other ?nd secured by only a single rivet. Tbe 
construction is verv sim-ole, but the riveted junctions are not 
cornmensurc':*.te ^^^ith the relatively strong diagonals. The tail 
r)lnnxes exhibited by De Mureaux h?ve a similar structure. It is 
of interest to note that rot the -^hole of the hcrisontal stabil- 
izer is adjustable, but only the leading edge, by :;ieans of spin- 
dles . 

Cn the large commercial airplane of the S.E.CL.^ the frame- 
^--orh of t'^-C central section of the ^.':ing is ex-oosed. The t.'oars, 
lihe those of Junkers, consist of several flanges of dural tubing 
joined tof ■ether by diagonal tubes. The junctions -^re like those 
of the fuselage. The ribs also have the same kind of junctions 
in sma"'ler dimensions and are also e:?Den8ive to m.3ke. 

Translation by D-ight M. Lliner, 
Nationa.l Advisory Comm.ittee 
for Aeronautics. 
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Levasseur Breguet 



Fig.l 



N.A.C.A. Technical Memorandum No. 405 



Figs. 3 to 12 




